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A new voltammetric method for the determination of chloramphenicol (CAP) is developed. The method is based on the reaction
of chloramphenicol and zinc in HCl solution to form a new substance [I] which produced a sensitive oxidation peak at 0.825 V
(vs. Ag/AgCl) in pH 7.0 phosphate buffer solutions using differential pulse voltammetry (DPV). There is a linear relationship between
the intensity of the peak current and the concentration of CAP. Effects of different chemical and variables such as pH, heating time
on the determination of CAP have been optimized. It had been discussed that the electrochemistry characteristic and the reaction
mechanism. Calibration graphs were linear in the 0.8 to 30.0 μg mL−1 concentration range with a correlation coefficient of 0.9983.
The relative standard deviation for 9 repetitive determinations of 10.0 μg mL−1 CAP was 2.7%. The method has been successfully
applied to pharmaceutical formulations and spiked milk samples.
© 2014 The Electrochemical Society. [DOI: 10.1149/2.058403jes] All rights reserved.
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Chloramphenicol is a broad-spectrum antibiotic, exhibiting ac-
tivity against both Gram-positive and Gram-negative bacteria. Ow-
ing to its low cost and ready availability, it is extensively used
to treat animals, including food-producing animals. However, in
certain susceptible individuals, chloramphenicol is associated with
serious toxic effects in humans in the form of bone marrow de-
pression, and can be particularly severe in the form of fatal aplas-
tic anemia.1,2 Hence, its applications in both human and veteri-
nary medicine are restricted. Therefore, specific, economic, and
sensitive methods are required in order to effectively monitor the
occurrence of residues of CAP. The present methods for the deter-
mination of chloramphenicol are thin-layer chromatography,3 gas-
chromatography (GC),4,5 immunoaffinity chromatography,6 gel-based
non-instrumental immunoassay,7 piezoelectric immunosensor,8 ho-
mogenous light-induced chemiluminescence immunoassay,9 liquid
chromatography (LC),10–12 GC-mass spectrometry (MS),13–15 LC with
single MS11 and tandem MS detection (LC–MS/MS),2,11,16–18 capil-
lary zone electrophoresis with amperometric detection,19 surface plas-










Electrochemical methods are simple, speedy, sensitive and in-
expensive, thus they are used to determine chloramphenicol. Zhao
et al.23 reported a study on the voltammetric behavior of chloram-
phenicol and its determination at a Ni/C modified electrode. Linear
calibration curves were obtained in the rage of 1.0 × 10−5 to 1.0
× 10−3 mol L−1. Limit of detection were 5.0 × 10−6 mol L−1.
Pingarrón et al.24 have conducted a study in that they reported a
voltammetry method determination of chloramphenicol with electro-
chemically activated carbon fiber microelectrodes. Calibration graphs
were linear in the 1.0 × 10−7 to 1.0 × 10−5 mol L−1 concentration
range and a limit of detection of 4.7 × 10−8 mol L−1 (15 ng mL−1)
was found. Codognoto et al. reported25 an electrochemical detector
coupled to a flow injection analysis (FIA) system using Au modi-
fied electrode as working electrode for the determination of CAP in
ophthalmic solutions. The limit of detection is 44 nmol L−1. Zhao
et al.26 developed sensitive voltammetric determination of chloram-
phenicol using single-wall carbon nanotube-gold nanoparticle-ionic
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liquid composite film modified glassy carbon electrodes. Zen et al.27
developed a novel single-run amperometric sensor incorporating a
three-electrode configuration for direct detection of chloramphenicol.
This paper reports a voltammetric method for estimating the con-
centration of chloramphenicol, which is based on the reaction of chlo-
ramphenicol and zinc in HCl solution to form a new substance [I]. It
can produced a sensitive oxidation peak at 0.825 V (vs. Ag/AgCl) in
pH 7.0 phosphate buffer solutions using differential pulse voltamme-
try (DPV). This method is able to detect the quantitative of chloram-
phenicol. The principal advantages of the method are that it is rapid,
sensitive, and possesses good reproducibility.
Experimental
Reagents.— Chloramphenicol was obtained from the National In-
stitute for the Control of Pharmaceutical and Biological Products
(Beijing, China). A 5.0 mg mL−1 stock solution was prepared by
dissolving chloramphenicol in 1.0 mL anhydrous ethanol and diluted
with water. Working solutions of chloramphenicol were prepared by
dilution of the stock solution with water and phosphate buffer solu-
tion. Zinc was obtained from Shanghai sulfuric acid plant Shuan-
gliu Industry and Trade Company (Shanghai, China). Five kinds
of buffers, HAc-NH4Ac buffer, Na2HPO4-C6H5O7 buffer, H3BO3-
Na3BO3 buffer, Tris-HCl buffer and phosphate buffer solution (PBS),
were used in the experiments. All other reagents were of analytical
grade, and twice-distilled water was used throughout.
Apparatus.— Cyclic voltammetric (CV) and differential pulse
voltammetric (DPV) experiments were performed with a CHI 760
electrochemical workstation (CH Instrument Company, Shanghai,
China). A conventional three-electrode system was adopted. The
working electrode was a platinum electrode (3.0 mm in diameter), the
auxiliary and reference electrodes were platinum wire and Ag/AgCl
electrode, respectively.
Absorption spectra were acquired at a 1102 UV spectrofluorimeter
(Shanghai Tian Mei Scientific instrument Co,. Ltd, Shanghai).
Procedures.— A certain portion of 5.0 mg mL−1 of CAP solution
was transferred into a 20.0 mL standard flask, 0.30 g zinc and 5.0 mL
of 1.0 mol l−1 HCl solution were added, and diluted to approximately
15.0 mL with water. The mixture was shaken and heated for 60 min in
a 90◦C water bath and then cooled in ice water at once, diluted to the
mark with water and mixed well. Then the mixture was centrifuged for
5 min at 3000 rpm, so the supernatant was fetched. The prepared [I]
used for voltammetric determination of CAP. The chloramphenicol-
HCl system used for comparison was prepared in the same way by
omitting the zinc addition step. Ten microliters 0.10 M phosphate
buffer solution (pH 7.0) with certain amount of [I] was transferred
into a cell, and then the three-electrode system was immersed in it.
The differential pulse voltammetric measurement the voltammogram
was recorded from 0.5 to 1.1 V (experiment parameters: Init EV:
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Figure 1. Cyclic voltammograms of CPA (a), and [I] (b) at Pt electrode in
0.10 M pH 7.0 phosphate buffer at 100 mV/s. insert: DPV of [I] in 0.10 M pH
7.0 phosphate buffer. CPA, 10.0 μg mL−1.
0.5, Final E (V): 1.1, Incr E(V): 0.004, Amplitude(V): 0.05, Pulse
width(sec): 0.2, Puse period(sec):0.5). Following this, the potential
scan was repeated successively for five times for the electrode to
regenerate in a blank solution. All experiments were performed at
room temperature.
Results and Discussion
Voltammetric behavior of [I].— Fig. 1. shows the cyclic voltam-
mograms of [I] and CPA in pH 7.0 PBS at 100 mV/s. As can be
observed, [I] exhibits a good response in range from +0.8 to +1.0 V,
an irreversible cathodic peak is observed at about 0.842 V. For CPA,
it does not exhibit such peak. This is consistent with that reported
in literature.19,26 The cyclic voltammetry (CV), linear sweep voltam-
metry (LSV) and differential pulse voltammetry (DPV) were used to
examine the effect of excitation waveform on the current signal. The
DPV peak appeared at a potential value slightly less positive (0.825 V)
than that obtained by CV and LSV (0.842 V). A higher net current
peak value was found by DPV (Fig. 1. insert) when it was compared
with the CV and LSV ip. In the present work, DPV was chosen as
the electrochemical technique to be used for developing an analytical
method for CAP.
Optimization of peak current intensity.— Effect of pH and re-
action medium.— The effect of solution pH on the response of the
mixture solution of 10.0 μg mL−1 of CAP is shown in Fig. 2. The
peak current of [I] increased with pH rising, and it attains a maximum
value at about pH 7.0. When the pH of the solution exceeds 7.0 the
peak current decreased. Therefore, pH of the solution was adjusted to
7.0 by buffer solution for further study.













Figure 2. Effect of pH on the peak current intensity of [I]. Phosphate buffer,
0.10 M; CPA, 10.0 μg mL−1.




























Figure 3. DPV signals of [I]. Concentrations of chloramphenicol were 0.8,
3.0, 5.0, 10.0, 16.0, 30.0 μg mL−1 (a-f, respectively). pH 7.0 Phosphate buffer,
0.10 mol/l. Insert: plots of peak current intensity vs. chloramphenicol concen-
tration.
The effect of the buffer components on the peak current was
tested with the same concentration of HAc-NH4Ac buffer, Na2HPO4-
C6H5O7 buffer, H3BO3-Na3BO3 buffer, Tris-HCl buffer and phos-
phate buffer solution (PBS) under the same pH (pH = 7.0). The
results showed that the EP was higher for a phosphate buffer (0.1 M)
than for the other buffers. So PBS was finally chosen as the buffer
medium in subsequent work. In a phosphate buffer solution, due to
the presence of zinc ions, could produce zinc phosphate precipitation.
The presence of precipitation has no obviously influence on the peak
current of [I]. The zinc ions can be removed using EDTA. In our
experiment, EDTA was not added in the solution.
Effect of the heating temperature.— The relation between the peak
current intensity of [I] and the heating temperature of the reaction
solution has been studied. According to the procedure, the mixture
solution of 10.0 μg mL−1 of CAP and reagent blank were heated
in water bath of different temperature. The peak current intensity
increased with the increasing heating temperature. When the heating
temperature reached 80◦C, the peak current intensity increased gently.
Thus, it was decided to supply the 90◦C water bath.
Formation and stability of [I].— The mixture solution of
10.0 μg mL−1 of CAP was heated for different times in a 90◦C water
bath. It was found that the peak current intensity increased with the
heating time. When heated for above 60 min, a platform of the peak
current intensity is observed. Therefore, heating 60 min was selected
as optimum. To insure accuracy of the result, heating time (60 min)
were controlled. The sample solution has to be put in ice water at once
to stop reaction when the heating time reached at 60 min. The peak
current intensity of [I] remained stable for at least 48 hour at room
temperature.
Linearity, detection limits of the method for CAP.— Under the
selected conditions mentioned above, A linear calibration graph
(R = 0.9983) for CAP was obtained by DPV in the 0.8 to
30.0 μg mL−1 concentration range (shown in Fig. 3). Linear regres-
sion equation of calibration graph is Y = 0.03375x + 0.04915. x means
concentration of CAP: μg mL−1, Y means peak current in the linear re-
gression equation calibration graph. The relative standard deviation for
9 repetitive determinations of 10.0 μg mL−1 CAP was 2.7%, showing
a good reproducibility. Compared to the other reported methods
(Table I). These values are similar to those obtained by capillary zone
electrophoresis with amperometric detection,19 and they are lower
than those obtained by voltammetry at a Ni/C modified electrode.23
These results demonstrate the suitability of the DPV electroanalytical
method for the determination of CAP.
Interferences.— In order to assess the possible analytical applica-
tions of the fluorescence method described, the influences of different
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Table I. Comparison of various methods with the reported method for the determination of chloramphenicol.
Detection Technique Linear range (μg mL−1) Correlation coefficient Detection limit (μg mL−1) Reference
Solid phase microextraction-Liquid
chromatography
0.013–1.0 0.9996 0.013 12
Capillary zone electrophoresis with
amperometric detection
0.65–175.00 0.9991 0.5 19
Voltammetry at a Ni/C modified
electrode
3.23 × 103–3.23 × 105 (1.0 × 10−5
to 1.0 × 10−3 mol L−1)
0.9995 1.61 × 103 (5.0 × 10−6 mol L−1) 23
Flow injection analysis along with
amperometric detection
16.16–323.13
(0.050–1.000 μ mol L−1)
0.9990 14.22 (44 n mol L−1) 25
Voltammetric determination using
modified glassy carbon electrodes
3.23–1938.80 (1.0 × 10−8
to 6.0 × 10−6 mol L−1)
0.999 1.62 (5.0 × 10−9 mol L−1) 26
Disposable electrochemical sensor up to 3.23 × 104
(up to 100 μ mol L−1)
0.9994 135.71 (0.42 μmol L−1) 27
Table II. Tolerance to different substances in the determination of
10.0 μg mL−1 chloramphenicol.
Concentration ratio
Species added to chloramphenicola
Na+, K+, Mg2+, Zn2+ 500
Cl−, glucose, fructose, ethanol, sucrose, EDTA 500
Fe3+, Fe2+, Ca2+, SO42−, 100
urea, starch, dextrin, ascorbic acid 100
Cu2+, Al3+, Ba2+, 50
a500 is the greatest ratio tested.
metal ions and some excipients used in pharmaceutical preparations
on the peak current intensity were investigated by determining the
solutions containing 10.0 μg mL−1 CAP and foreign species with
continuously increasing concentration up to 500 ratio. When the effect
of each foreign species on the peak height was less than 5.0%, it was
thought not to interfere with the determination of CAP. The obtained
results in Table II showed that under the optimized conditions, some
ions and the studied excipients in the tablets did not interfere with the
determination of CAP. Therefore, this method can be suggested for
the determination of CAP in pharmaceutical preparations.
Determination of CAP in injection samples.— Injection solutions
of CAP were diluted appropriately with water prior to measurement so
that the concentrations of CAP were in its linear response range. These
solutions were used as sample solutions. Following the procedure, the
sample solutions were measured. The mean percent recovery was
found to be 100.56 and 102.08%, respectively. The relative standard
deviation was less than 0.35% (n = 3). The t-test assumes that there
was no significant difference between the labeled value and the mea-
surement results at confidence level of 95%. The results suggest that
the proposed method can be satisfactorily used for the determination
of CAP in commercial samples.
Determination of CAP in milk samples.— The suggested method
was used for the determination of CAP in spiked milk samples.
A 1.0 mL of sample was mixed with 1.5 mL of ethyl acetate and
the mixture was mechanically shaken for 5 min. After centrifugation
at 3000 r min−1 for 5 min, the supernatant was fetched and the rest
organic phase was evaporated to dryness using a gentle stream of
nitrogen gas. Finally, the prepared sample was diluted with distilled
water to 100 mL and used for the determination of CAP. The deter-
mination of CAP was carried out by DPV in the 0.5 to 1.1 V potential
range, by applying the standard additions method, which involved the
addition of CAP solution, following the procedure. The recovery for
CAP added to the different concentration of sample solutions is shown
in Table III; the recovery is from 93.7 to 97.4%.
Table III. Determination of chloramphenicol in milk samples.
Skimmed Added Found RSD Recovery
milk sample (μg mL−1) (μg mL−1) (n = 3) (%) (%)
No. 1 15.00 14.06 1.3 93.7
30.00 28.59 0.8 95.3
No. 2 25.00 24.35 1.1 97.4
10.00 9. 62 1.5 96.2
Possible reaction mechanism.— The UV-visible absorption spec-
tra of chloramphenicol and [I] system were scanned using a Tianmei-
1102 UV-visible spectrophotometer (Fig. 4). It can be seen that
chloramphenicol had one peak at 278 nm (Fig. 4a). The absorption
spectra of [I] revealed that there was reaction between chlorampheni-
col and zinc in HCl solution because the intensity of the peaks at about
278 nm decreased (Fig. 4b), meanwhile, a new weak absorption peak
with the absorption wavelength at 250 nm was observed in the ab-
sorption spectra. It indicated that chloramphenicol in [I] system has
been changed into other compounds.
In aqueous solutions, chloramphenicol will hydrolyze to yield
2-amino-1-(4-nitrophenyl)-propane- 1,3-diol (ANP).19 The rate of hy-
drolysis is known to be dependent on the pH, ionic species in the
medium and temperature. In pH 7.8 PBS, the APN has an irreversible
oxidation at the 1.15v (vs. SCE). Our experiment also indicated the
chloramphenicol-HCl system for comparison show no current peak
from 0.5 to 1.1 V.
According to the above experiments and discussion, the possible
CL mechanism of the reaction is suggested as follows: In aqueous
solutions, chloramphenicol will hydrolyze to yield ANP. Then ANP
continues to generate new substances based on the reduction of the
nitro on benzene ring of ANP to the amido in the presence with
zinc. The oxidation peaks of [I] could be caused by losing electrons of
amino benzene. Therefore, the possible CL mechanism of the reaction















Figure 4. UV-visible absorption spectra. (a) 25.0 μg mL−1 chloramphenicol;
(b) [I], potency of 25.0 μg mL−1 chloramphenicol.
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The results presented in this paper clearly demonstrate that CAP
can be determined by voltammetric method. CAP can be determined
at μg mL−1 level. In all the cases, recoveries of 93.7 to 97.4% were
obtained. This method is simple, sensitive and possesses good re-
producibility, and has been successfully applied to analyze CAP in
practical samples.
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